onstrictive pericarditis (CP) is a well-recognized, but rare, complication of open-heart surgery that was first reported in 1972 after coronary artery bypass grafting (CABG). 1 Since then, there have been isolated case reports of CP as a sequela of CABG. The incidence of CP is estimated to be 0.2-0.3%, 2 but once it develops medical treatment is not effective because of the low cardiac output caused by the limitation of diastolic filling of the left ventricle. Although pericardiectomy is recommended, it has a degree of risk and may not necessarily give a good long-term result. We reviewed the clinical characteristics of patients with CP after CABG to ascertain the risk factors for its development.
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Methods
From January 1989 through March 1999, 463 patients underwent isolated CABG with cardiopulmonary bypass. All patients were subjected to mild hypothermia or normothermia, established by ascending aorta cannulation and single venous cannulation through a median sternotomy. Cardiac arrest was achieved with crystalloid cardioplegic solution infusion, and the heart was cooled with topical ice slush. After weaning from the bypass, the pericardial cavity was irrigated with saline solution alone. Neither antibiotics or povidone-iodine solution was used. The pericardium was left open, and chest tubes were placed in the anterior mediastinum and pericardial cavity prior to chest closure. After surgery, 2-dimensional echocardiography was routinely performed on postoperative days 7-10, and the amount of pericardial effusion was monitored. Patients with dilated saphenous vein grafts or a small coronary artery had oral warfarin therapy, which was started immediately after removal of the chest tubes. Cardiac catheterization and coronary angiography were also performed during postoperative week 2. When the pericardial effusion was moderate or severe, the first choice of treatment was non-steroidal anti-inflammatory agents and an increased dose of diuretics. If these treatments did not reduce the effusion, the second treatment choice was corticosteroids or pericardial drainage. Once CP was clinically suspected during the follow-up period, cardiac catheterization was again performed, in addition to computed tomography (CT) scanning, in order to establish the diagnosis.
Statistical Analysis
The data are reported as means ± standard deviation. Each group was compared univariately with chi-squared and Fisher's exact tests for categorical variables, and the Student's t test for continuous variables. Multiple logistic regression analysis was performed to identify the risk factors for the development of CP. A p value less than 0.05 were considered to be statistically significant. range: 38-82 years). The most common symptoms of CP were dyspnea on exertion, abdominal swelling, and pitting edema. Physical examination revealed signs consistent with right-sided heart failure with increased jugular venous pressure; that is, pleural fluid retention, jugular venous distension, and hepatomegaly. The diagnosis of CP was established in all 11 patients by cardiac catheterization, which revealed diastolic equalization of all pressures (<5 mmHg) and the characteristic 'dip and plateau' patterns of the right and left ventricular diastolic pressures with low cardiac output ( Table 1 ). The median time to the onset of the symptoms after CABG was 4 weeks (range, 3-96 weeks). In 8 patients who developed CP within 2 months of surgery, neither marked pericardial thickening nor calcification, which are commonly observed in patients with CP caused by tuberculosis, was evident on echocardiography or CT.
The preoperative patient characteristics are shown in Table 2 . There were no significant differences in coronary risk factors, including smoking, hypertension and hyperlipidemia, between the 2 groups. On univariate analysis, normal ejection fraction of the left ventricle (LVEF) and an absence of congestive heart failure were significantly associated with postoperative CP, although there was no statistically significant difference in the New York Heart Association (NYHA) class between the 2 groups. The operative and postoperative factors of the CP patients are given in Table 3 . The duration of postoperative pericardial drainage did not relate to the incidence of CP after surgery. Postoperative pericardial effusion was seen on 2-dimensional echocardiography in 10 (91%) of the 11 CP patients, but in only 31 (7%) of the 445 non-CP patients. Significant risk factors for CP on multivariate analysis were postoperative retention of pericardial effusion and normal LVEF (Table 4) . Although postoperative pericardial effusion was the most significant risk factor for CP after CABG, 1 patient developed CP without it. Postoperative warfarin therapy was also a significant risk factor for development of CP, although it was not associated with postoperative retention of pericardial effusion (data not shown).
The postoperative pericardial effusion in both CP and non-CP patients decreased remarkably and ultimately disappeared within a few months with medical therapy or drainage. When the diagnosis of CP was made in 11 patients during follow-up period, the pericardial effusion was minimal (Table 2) , although 18 (58%) of the non-CP patients underwent pericardial drainage. In all cases of drainage, the pericardial effusion was bloody despite warfarin administration. Not draining the postoperative pericardial effusion was a risk factor for the development of CP.
Pericardiectomy was successfully performed in 9 of the 11 patients without injury to either the heart or bypass grafts. The 8 patients who developed CP within 2 months of CABG had a severely thickened, fibrous epicardium without calcification, and relatively minor adhesion of the pericardium to the epicardium. The preoperative NYHA class of the 9 CP patients who underwent pericardiectomy was 2.8±0.45 and after postoperative hemodynamic recovery it was 1.67±0.45. Two of the 11 CP patients had only medical treatment because of their age (<80 years) and severe renal dysfunction.
Discussion
The incidence of CP is 0.2-0.3% after CABG, and the time interval between cardiac surgery and the development of symptoms of constriction varies from 1 to 204 months. 2 Physical symptoms are consistent with right-sided heart failure with increased jugular venous pressure, but are nonspecific, which makes the diagnosis of postoperative constriction after cardiac surgery difficult. 3 Echocardiography and CT are not helpful for the diagnosis of CP in the early postoperative period because the pericardial thickening and calcification are not yet evident. 4 Once CP is clinically suspected during the follow-up period, cardiac catheterization is necessary to establish the diagnosis of constriction.
The cause of postoperative CP is unknown, although several posibilities have been reported. Almost any of the many causes of acute pericarditis may progress to fibrous pericarditis, and eventually chronic CP. Heart surgery is traumatic, with intraoperative irritation of the pericardial layers by physical manipulation of the heart and from the saline solution. 5 Pericardial irrigation with chemical irritants, such as povidone-iodine solution, may also lead to serosal injury and has been associated with constriction. 6 We used only saline for pericardial irrigation, and neither povidone-iodine or antibiotics was used.
With regard to graft patency, an increased rate of graft occlusion has been suspected in CABG patients with postpericardial syndrome. 7 In the present series, the graft patency in CP and non-CP patients was 94% and 92%, respectively, so patency was therefore not associated with the development of CP.
Our practice is to routinely leave the pericardium open in all bypass patients in order to reduce compression of the bypass grafts. Pericardial closure can limit the amount of blood that drains into the pericardial cavity, possibly resulting in a decrease in the frequency of adhesions, and thus an open pericardium may serve as a collecting reservoir for blood. 8 The present study showed that a normal LVEF was significantly associated with postoperative CP. One possible mechanism is that there is continuous friction between the pericardium and epicardium and the blood in the pericardial space, which may eventually result in serosal injury leading to pericarditis.
None of the CP patients underwent pericardial drainage for early postoperative effusion. Steroid administration was effective in reducing the pericardial effusion, but not in preventing the development of irreversible pericardial fibrosis. In this study, the early postoperative pericardial effusion in all cases undergoing pericardial drainage was bloody irrespective of warfarin administration. Pericardial fibrosis will develop if the blood in the pericardial space contacts an injured serosal surface. 9 Our study showed that the time interval to the onset of the symptoms after CABG was short, so not performing pericardial drainage for early postoperative hemorrhagic effusion may be significantly associated with an early and high incidence of CP. Pericardial drainage for patients with significant pericardial effusion should be performed regardless of the administration of steroids. Finally, the postoperative administration of warfarin was also a risk factor for CP. Warfarin therapy may induce continuous postoperative pericardial bleeding and result in pericardial pooling of blood, although it was not associated with postoperative retention of pericardial effusion.
CP is an unusual sequela of cardiac surgery and its diagnosis after surgery is not easy, requiring a high index of clinical suspicion. Once irreversible pericardial fibrosis has developed, the only curative therapy is radical pericardiectomy, which has a degree of risk and may not necessarily offer good long-term results. Drainage of postoperative pericardial effusion is important for the prevention of subsequent CP, especially in those patients with warfarin administration or with normal left ventricular function. 
